Despite the knowledge of spermatogonial biology in adult mice, spermatogonial development in immature animals has not been fully characterized. Thus, the aim of this study was to evaluate the ontogeny of the morphological development of the spermatogonial lineage in C57BL/6 mouse testis, using high-resolution light microscopy. Spermatogonial morphology, chronology, and absolute number were determined for different ages postpartum (pp). The morphology of spermatogonia in immature mice was similar to that of adult spermatogonia, although their nuclear diameter was slightly smaller. The A 1 spermatogonia were first observed on day 2 pp, and only 24 h later, differentiating type A 3 and A 4 spermatogonia were observed in the seminiferous cords. This result indicated a shortening of the spermatogonial phase for immature mice of about w2.5 days when compared with adult mice and suggests that gonocytes and/or A 1 spermatogonia could directly become A 4 spermatogonia, skipping the developmental sequence of type A spermatogonia. These A 4 spermatogonia are functional as they develop into type B spermatogonia by day 5 pp. At day 8 pp, while differentiation to spermatocytes begins, the A und spermatogonia reach their maximal numbers, which are maintained through adulthood. The various details of the spermatogonial behavior in immature normal mice described in this study can be used as a baseline for further studies under experimental or pathological conditions.
Introduction
At birth, the seminiferous cords of mammalian testes contain germ cells called gonocytes that are located in the center of the seminiferous cords and are arrested in the G 0 phase of the cell cycle. In rodents, after birth, the gonocytes relocate toward the basal membrane (McGuinness & Orth 1992) and resume proliferation, giving rise, after several steps, to the adult spermatogonial stem cell (de Rooij & Grootegoed 1998 , de Rooij & Russell 2000 . The passage from gonocytes to spermatogonial stem cells is not completely understood. Some authors described that the gonocytes generate an intermediate cell type called pre-spermatogonia (Huckins & Clermont 1968) , whereas others have shown that the gonocytes can give rise to either spermatogonial stem cells or differentiating spermatogonia (Kluin & de Rooij 1981 , Yoshida et al. 2006 .
In adult mammals, primarily based on the data from rodents, the spermatogonial stem cell is known as an A single (A s ) spermatogonium and is capable of self-renewal or differentiation (de Rooij & Grootegoed 1998 , de Rooij & Russell 2000 . Once it starts its path toward differentiation, the A s spermatogonia give rise, through mitosis, to two daughter cells that remain connected by intercellular bridges and are called A paired (A pr ) spermatogonia. These cells divide forming chains of spermatogonia, the A aligned (A al ) spermatogonia, which can divide two or three times more in mice. The group formed by A s , A pr , and A al is known as undifferentiated type A spermatogonia (A und ). The A al spermatogonia will differentiate, with no mitotic division, to the differentiating type A 1 spermatogonia. The type A 1 spermatogonia undergo six successive mitotic divisions to yield A 2 , A 3 , A 4 , intermediate-type (In) , and type B spermatogonia. The type B spermatogonia will divide giving rise to spermatocytes, starting the meiotic process.
Although previous studies could not distinguish the various A spermatogonial subtypes, high-resolution light microscopy was able to differentiate the spermatogonial types in adult mice (Chiarini-Garcia & Russell 2001) . The ability to distinguish these spermatogonial subtypes under light microscopy has made it possible to better understand details of spermatogonial biology in rodents under normal (Chiarini-Garcia et al. 2003) , experimental (Nascimento et al. 2008) , and genetically pathological (Russell et al. 2002 , Bolden-Tiller et al. 2007 conditions. However, this new morphological approach has not been used to evaluate the early events of spermatogenesis development.
Thus, the goal of this study was to provide a thorough characterization of the morphology and developmental kinetics of the spermatogonial subtypes during testis development, using a high-resolution method, in order to characterize the ontogeny of this process. In addition to addressing specific questions in this process, such as the transition from gonocytes to spermatogonia, it was also our goal to provide a standard that could be used as a baseline for future functional and pathological studies.
Results
The body weights, body lengths (0-14 days), and testicular weights obtained from mice of different ages are shown in Table 1 .
Germ cell emergence and spermatogonial synchrony
The timing of appearance of specific germ cells during ontogeny in the testes is shown in Table 2 . The different types of spermatogonia are defined according to the criteria of Chiarini-Garcia & Russell (2001) and are shown in Fig. 1 that are to be also observed in immature mice. The days of the first emergence of each germ cell type, from the gonocytes at birth up to elongated spermatids in adulthood, are presented in a semi-quantitative manner (Table 2 ). The morphology of the gonocytes is shown in Fig. 2 and the different subtypes are defined below. At birth and at day 1 postpartum (pp), only gonocytes were observed in seminiferous cords ( Fig. 2a and b) .
On the second day, A und and A 1 spermatogonia were first seen, and on the third and fourth days, spermatogonial types up to A 3 and possibly A 4 spermatogonia were already observed. On days 5 and 6, all the spermatogonial types, as such A und , A 1 , A 2 , A 3 , A 4 , In, and B spermatogonia were seen, although the most differentiated ones were seen with low frequency (Fig. 2c  and d) . The meiotic cells were seen on day 8, when preleptotene spermatocytes were observed. At this time, it was possible to observe that the synchrony of the seminiferous epithelial stages between spermatogonia and spermatocytes as defined in the adult was already found; for example, the type A 2 spermatogonia were associated with leptotene spermatocytes (Fig. 3a) . Based on the appearance of cells, we calculated that the first spermatogonial development in immature mice from A 1 to A 3 and possibly A 4 spermatogonia occurred in w1 day and from A 1 to B spermatogonia in 3 days ( Table 2) .
The appearance of later stages of spermatocytes beyond leptotene was observed starting on day 10 pp. After formation of the tubular lumen, at 12 days pp (Fig. 3b) , pachytene spermatocytes were detected in low numbers for the first time in the seminiferous tubules and were frequently observed at 14 days ( Fig. 3c ) and were associated with type A 3 and A 4 spermatogonia. Meiotic figures were first seen at day 20 (Fig. 3d) , when once again we could observe the synchrony as they were associated with type A 3 spermatogonia and early pachytene spermatocytes, as in adults.
The round spermatids were formed after day 20 and the first elongated spermatids were observed at day 27 ( Fig. 3e) , making it possible to identify all stages of the seminiferous epithelium by the acrosomal system. On day 37 pp, the spermatogenic process was completely developed (Fig. 3f ).
Gonocyte and spermatogonial morphology
In the seminiferous cords, the gonocytes pass through several morphological and positioning changes before they generate the type A und spermatogonia. We divided these cells into three morphologically distinct subtypes, namely I, II, and III, to further study their numbers and kinetics in an attempt to separate them into functionally different cells. All the gonocyte types had large nuclei, 10-12 mm, and one to three nucleoli. Whereas the gonocyte subtype I had round nuclei, there was a progressive change to a slightly oval shape by gonocyte type III. The morphological features that allowed us to separate these three subtypes of gonocytes are as follows:
Gonocyte subtype I ( Fig. 2a and e) contained condensed round nucleoli and a regular cytoplasmic membrane with no projections. They were usually The values are expressed as meanGS.E.M. located in the center of the seminiferous cords but always separated from the basement membrane (Fig. 2a) . The nucleoli of gonocytes subtype II (Fig. 2f) were less condensed with a reticulated appearance more of an irregular shape. Although these cells were located in the center of the cords, they had cytoplasmic projections extending toward the basal membrane. These cells were frequently seen with a peculiar structure resembling acrosomal vesicles, located close to the nuclear envelope.
The nucleoli of gonocytes subtype III ( Fig. 2b and g ) were even less condensed and reticulated and had an irregular shape and were usually close to the nuclear envelope; spots of heterochromatin were observed, associated with the nuclear envelope; cytoplasmic membrane was irregular, but with no projections. These cells were seen lying on the basal membrane (Fig. 2b) .
In contrast to the gonocytes, the A und spermatogonia had a smaller nuclear diameter and a more oval shape, had more finely granular and darker euchromatin but lacked the spots of heterochromatin associated to the nuclear envelope of gonocytes, and the nucleoli were somewhat more condensed but more irregular. The differentiating type A spermatogonia were distinguished from the A und by their nuclear morphology ( Fig. 1) as described in detail previously (Chiarini-Garcia & Russell 2001) , becoming larger, more lightly staining, and with increasing heterochromatin associated with the nuclear membrane. The A 2 to A 4 spermatogonia were distinguished from type III gonocytes by broader contact with the basement membrane, a more oval nuclear shape, and more irregular nucleoli.
The only noticeable differences in a given spermatogonial type, between postnatal (6 days) and adult (70 days) mice, were the nuclear diameters (see below). A morphologically peculiar type of A spermatogonia was observed in young animals (Fig. 1c) . These cells had many of the morphological characteristics of differentiating type A 2 and A 3 spermatogonia, having an oval to round nucleus, with spots of heterochromatin around the nuclear membrane and a large, reticulated nucleolus. However, they have nuclear vacuoles, described in the literature as being located only in nuclei of type A undifferentiated cells (Chiarini-Garcia & Russell 2001 ). Such nuclear vacuoles in differentiating spermatogonia were observed predominantly from 3 to 6 days pp, being less common in the animals that were 8 and 10 days old and were not observed in sexually mature mice.
Although this study using an accurate histological technique allowed the precise identification of almost all germ cell types during ontogenic development, the least differentiated spermatogonial type, the A und spermatogonia, could not be more finely sub-classified to suggest which of these cells might be stem spermatogonia. Spermatogonial nuclear diameter Figure 4 shows the average diameters of germ cell nuclei from the A und to type B spermatogonia from 2 up to 70 days pp. It was observed that diameters varied during the germ cell and testes development. In all ages, the A und spermatogonia have a smaller nuclear diameter than the differentiating type A spermatogonia. The type A 2 spermatogonia were found to be the cells with the largest nuclear diameter, whereas the spermatogonia type B were the smallest (Fig. 4) . The nuclear diameter of each cell type from the A und to In spermatogonia seemed to be larger in younger animals and decreased in size during the development, reaching their smallest nuclear diameters by 37 days pp.
Gonocyte and spermatogonial numbers
The changes in the total numbers of each spermatogonial type per testis during testicular development were analyzed by stereological methods. The number of gonocytes decreased progressively from birth to 3 days pp, whereas the numbers of differentiating type A, In, and B spermatogonia increased progressively up to 37 days, at puberty ( Fig. 5A and B) . The number of A und spermatogonia at 8 days pp was 190 000 per testis, similar to the number of type A und spermatogonia at all subsequent ages (Fig. 5B) , including the adult animals. In addition, the number of all differentiating spermatogonia reached the numbers found in the adult between 14 and 37 days pp (Fig. 5B ).
Gonocyte and spermatogonial kinetics
The total number of gonocytes remained constant during the first 24 h after birth (Fig. 6 ). When the number of gonocytes of subtypes I and II went down, the number of gonocytes of subtype III increased, indicating that the former subtypes may differentiate into the latter subtype. However, it was observed that the number of gonocytes started to decline on day 2 pp coincident with the appearance of the first A und spermatogonia that start to be seen in the seminiferous cords. The decline in the total numbers of gonocytes on day 2 could possibly account for the increase in A und spermatogonia at that time by direct transformation of gonocytes into A und spermatogonia. However, the further increase in A und spermatogonia on day 3 is too large to be accounted for merely by the transformation of gonocytes and must include cell division.
Gonocyte and spermatogonial mitosis and apoptosis
The mitotic index of germ cells (gonocytes plus spermatogonia) showed an increase from birth to 3 days pp (Fig. 7) , remained high until the fifth day, and then started to decrease, reaching the adult level at 10 days pp. The apoptotic index significantly increased after birth up to 2 days pp (Fig. 7) ; at this time only, gonocytes were found in the seminiferous cords, pinpointing this developmental age as the time of a high number of gonocyte deaths. The apoptotic index then decreased, and already at 3 days pp, it reached a number as low as adult animals, remaining at this level throughout testis development.
Discussion
In this study, we have extended high-resolution light microscopy techniques to quantify the numbers of different types of gonocytes and spermatogonia cells during postnatal development in the mouse. The implications of these observations for understanding the development of spermatogonia from gonocytes, the proliferation, differentiation, and kinetics of spermatogonial development and the formation of associations of the cycle of the seminiferous epithelium is discussed below. Although we have observed different subclasses of gonocytes, which could be recognized by their morphology, number, and position in the seminiferous cords as gonocytes I, II, or III, the total number of gonocytes did not increase after birth. The mitotic index data showed that the gonocytes proliferate immediately after birth but their number did not change due to a balance between mitosis and apoptosis, which was also increased during this period. This is consistent with previous observations showing that during the first days after birth, some of the gonocytes go through mitosis (Kluin & de Rooij 1981) , but a considerable number of gonocytes degenerate (Roosen-Runge & Leik 1968). Kluin & de Rooij (1981) also reported that the daughter cells of the gonocyte divisions on day 1 consist of two cell types, the typical gonocytes, called type I, and cells with larger nuclei, called type II cells. Huckins & Clermont (1968) showed that in rats, gonocytes divide to form cells larger and lighter than the A und spermatogonia normally found in adults and named these cells pre-A spermatogonia. Both descriptions of the gonocytes' daughter cells agree with our description for the subtype III gonocytes. As the method applied in our paper allowed better cytological distinction of the germ cells than the methods used previously, we could distinguish three gonocyte subtypes (I, II, and III) instead of two types (I and II). Kluin & de Rooij (1981) consider the type II gonocytes to be similar to newly formed A 2 spermatogonia in adults. Our data suggest that the cells found to be type II by those authors were recognized here as subtype II and III, because the number of these cells was 67% of the total gonocytes that are very close to their percentage of type II cells (70%). Although we agree that these gonocytes are similar to type A 2 spermatogonia, we could still morphologically recognize the spermatogonial subtypes in young mice, and it was possible to show that the gonocytes II and III are morphologically different from type A 2 spermatogonia.
The emergence of type A und and A 1 spermatogonia, at day 2, morphologically similar to the those observed in adult mice, is consistent with the results of Yoshida et al. (2006) , who demonstrated at 2 days pp the presence of the first germ cells that expressed KIT (c-Kit) receptor in the seminiferous cords. Furthermore, they showed that these cells must correspond to a population of germ cells that skip at least one of the molecular steps of spermatogonial differentiation that occurs in adults, because the KIT-positive cells that were rapidly formed did not express neurogenin 3 (NGN3), which is expressed in type A undifferentiated spermatogonia of the adult mice (Yoshida et al. 2006) . This result indicates that the first type A differentiating spermatogonia (A 1 and/or A 2 spermatogonia) are part of a cell population that is directly derived from the gonocytes separately from the A und spermatogonia. The later development of differentiating spermatogonia, which have gone through a stage of NGN3 expression, must come from a subset of these A und cells, which correspond both morphologically and functionally to the adult spermatogonial stem cells. In this study, the first type A 1 spermatogonia were seen in the seminiferous cords at 2 days pp, and surprisingly only 24 h later, spermatogonia morphologically similar to type A 3 and possibly some A 4 spermatogonia were also observed. In adult mice, three mitotic divisions are required for a differentiating spermatogonia type A 1 to become type A 4 spermatogonia, and this process requires a time interval of about 3.5 days (Clermont & Trott 1969 , de Rooij & Russell 2000 . This short time suggests that gonocytes and/or A 1 spermatogonia are directly becoming A 3 and/or A 4 spermatogonia. Although it might be argued that the A 3 and A 4 spermatogonia produced on days 3 and 4 are not functionally the same as those in the adult, they do go on to produce B spermatogonia on day 5, preleptotenes on day 8, zygotene spermatocytes on day 10, and pachytene on day 12; thus, they are functionally acting as differentiated type A spermatogonia. The data in Table 2 can also be used to calculate that, in immature mice, the formation of B spermatogonia (day 5 pp) from A 1 spermatogonia (day 2 pp) occurs in 3 days, whereas in adults this transition requires 6.1 days, showing that the process was shortened w3 days, which appears to have largely been due to the acceleration of type A spermatogonial development between days 2 and 3. Hence, our results indicate that there is acceleration of the spermatogonial phase, involving skipping generations of the developmental sequence of the type A spermatogonia that are normally observed in adults. It should be noted that in this study, the steps involved in this acceleration were only morphologically defined. The combination of immunohistochemistry for spermatogonial markers and morphology is necessary to further characterize the development in molecular terms. Thus, our data showed that the shorter timing of the spermatogenesis in the immature C57BL6 mice was, at least partially, due to an acceleration of the spermatogonial phase. However, the faster development of spermatocytes and/or spermatids in immature Cpb-N mice observed by Kluin et al. (1982) was not observed in the present investigation. Possible reasons for this discrepancy could be due to the broad interval between 17 and 27 days pp in our study, which may lack the resolution necessary to observe a small acceleration or differences among the strains of mice.
It is well known that spermatogenesis in adult mammals occurs in a cycle and that each differentiating germ cell in the seminiferous epithelium is always associated with specific other types of germ cells, constituting the stages of the seminiferous epithelium, which in mice can be classified into 12 different stages (Oakberg 1956 , Russell et al. 1990 ). Although we cannot precisely stage the cross sections of the tubules through the acrosomal system before the appearance of spermatids, from 8 days pp, when the first primary spermatocytes can be observed, onward, the spermatogonial subtypes are associated in the same manner with the more differentiating cells following the same stage relationships as seen in adult mice. This confirms that the spermatogonial organization is already regulated, even before the Sertoli cells become mature (Vergouwen et al. 1991 , Joyce et al. 1993 ). This observation is consistent with data showing that the genes expressed in adult Sertoli cells in a cyclical manner are already expressed in young immature Sertoli cells (Timmons et al. 2002) .
It is useful to relate the data obtained here on the number of A und spermatogonia to the stem cell potential in transplantation experiments. Although it was generally believed that the A s spermatogonia within the A und population contain the stem cells (de Rooij & Russell 2000) , recent data indicate that the A pr and A al spermatogonia can also occasionally undergo clone fragmentation and normally have a low potential to be stem cells (Nakagawa et al. 2010 ). However, their potential for producing stem cells is increased when these cells are used for spermatogonial transplantation (Nakagawa et al. 2007 ). Thus it is reasonable to consider the total numbers of A und spermatogonia as at least a crude measure of the stem cell potential in transplantation experiments.
It is interesting to note that 8-day-old animals, although being quite young, have the same total number of type A und spermatogonia in the whole testis as do adult animals. Most spermatogonial transplantation experiments use young animals as donors of germ cells (Shinohara et al. 2001 , McLean et al. 2003 , finding that 12-day-old mice seem to be the best donors. McLean et al. (2003) found that the germ cells of these animals produced a higher number of colonies in the recipient testes than those from 1 to 5 days pp mice, consistent with the present observation of a greater number of A und spermatogonia in the 12-day-old mice. The observation that 10-or 12-day-old mice were more efficient at . 2003) is consistent with the observation in this study, that the number of type A und spermatogonia in 10-to 12-day-old mice is between 30 and 50 million/g testis, whereas the number of A und spermatogonia in the adult mice is 1.9 million/g ( Fig. 5 and Table 1 ).
In conclusion, our data showed, for the first time, that animals at 8 days pp have maximal numbers of type A und spermatogonia in the testis parenchyma and higher concentrations of these cells when compared with adult mice. Furthermore, the data confirm that the spermatogenic cell differentiation occurs faster in young animals than in adults, by skipping multiple divisions of differentiating type A spermatogonia resulting in a shortening of w2.5 days in the spermatogonial phase. Overall, the capacity to identify the different spermatogonial subtypes by their morphological characteristics in a normal ontogenetic process could be used as a tool to better understand spermatogonial biology during early postnatal development and provide a simple and reliable method to evaluate spermatogonial development in immature life under adverse circumstances, such as experimental or pathological conditions.
Materials and Methods

Animals and histological procedures
Testes from mice of the C57BL/6 strain at 0, 1, 2, 3, 4, 5, 6, 8, 10, 12, 14, 17, 20, 28, 37 , and 70 days pp were collected (day 0 was birth date). We used four mice per group. Mating pairs were randomly provided by Federal University of Minas Gerais mouse colony and were bred by investigators. Pups for each age group were generally chosen for the different groups from different litters. This study was previously approved by the ethics committee in Animal Experimentation from the Federal University of Minas Gerais.
After measurement of body weight, mice were anesthetized with sodium pentobarbital (30 mg/kg body weight) via i.p. injection and testes were fixed by immersion or perfusion. Animals from 0 to 14 days of age had their testis removed, weighed, and fixed by immersion in 5% glutaraldehyde (biological grade; EMS, Hatfield, PA, USA) and in 0.05 M cacodylate buffer (pH 7.4). After an initial fixation for 30 min, the tunica albuginea was removed and the fixation period was extended for 24 h more at 4 8C. The testes were cut into thin slabs of w1 mm thickness and kept in the same buffer, at 4 8C, until embedding. Animals older than 17 days of age were fixed by perfusion via the cardiac route as described previously (Chiarini-Garcia & Meistrich 2008) . Heparin was injected i.p. (130 U/100 g body weight) 15 min before anesthesia. After that, saline was initially perfused to clear the blood from testis, followed by 5% (v/v) glutaraldehyde in a 0.05 M cacodylate buffer (pH 7.4). Then, the right and the left testes were removed and sliced transversely into small slabs that were also kept in 0.05 M cacodylate buffer, at 4 8C, until embedding. Fragments of both testes, randomly chosen from all mice, were post-fixed in a 1% (w/v) osmium tetroxide and 1.25% (w/v) potassium ferrocyanide mixture, dehydrated in a graded series of ethanol, infiltrated, and embedded in Araldite 502 (EMS). Sections (1 mm thick) were obtained from the resin blocks and were stained with toluidine blue-borate for high-resolution light microscopic studies.
Morphological analysis
The main goals of the morphological evaluations of the gonocytes and spermatogonia during testis development were 1) to identify the cellular features, comparing them with those described in adult mice by Chiarini-Garcia & Russell (2001) , 2) to identify the most advanced germ cell type at each age evaluated, and 3) to determine whether spermatogonia from type A 1 spermatogonia up to type B spermatogonia have the same strict associations as those described in adult animals regarding the seminiferous epithelial cycle. Cellular characterization was based on nuclear features such as shape of the nucleus, presence, and arrangement of heterochromatin, granularity of euchromatin, and morphology and degree of nucleolar compaction.
Morphometrical procedures
Morphometrical studies were performed to obtain the absolute number of different subtypes of gonocytes and different spermatogonial types (A und , A 1 , A 2 , A 3 , A 4 , In, B) per testis for all ages studied. For this purpose, the following parameters were obtained:
volume of testicular parenchyma -V T (mm 3 ) volume density of seminiferous epithelium -Vv e absolute volume of seminiferous epithelium -Vt e (mm 3 ) nuclear volume density of each spermatogonial subtype -Vv n absolute total nuclear volume of each spermatogonial subtype -Vt n (mm 3 ) nuclear volume of each spermatogonial subtype -Vn (mm 3 ) cellular number/testis -CN (10 6 ).
The weight of testicular parenchyma is the testis weight without the tunica albuginea weight. As the testicular density is w1 g/ml (1.03-1.04; Sinha-Hikim et al. 1988) , each gram of testis corresponds to a volume of 10 12 mm 3 . Hence, V T is obtained multiplying the testicular parenchyma weight (g) by 10
12 mm 3 . The volume density of the seminiferous epithelium was estimated using the point counting method (Sinha-Hikim et al. 1988 , Russell et al. 2002 . These data were obtained through an Olympus BX-41 light microscope with a 40! objective and using a square lattice containing 441 intersections in a 10! eyepiece. We counted w4410 intersections on the seminiferous epithelium and the rest of testicular parenchyma, distributed in ten randomly selected fields per animal (two to three fields per histological section), for each age studied. The volume density of seminiferous epithelium (Vv e ) was obtained dividing the sum of the points falling on seminiferous epithelium by the total number of points over the tissue. The volume of seminiferous epithelium (Vt e ) was estimated as follows:
The nuclear volume density of gonocytes and each spermatogonial subtype was also estimated using point counting, applying the same 441 square lattice with a 100! objective. In 40 randomly selected fields for each animal (four to five fields per histological section), the intersections over the nuclei of each cell type were recorded. The nuclear volume density of each spermatogonial subtype (Vv n ) was obtained by dividing the sum of the points falling on each cell subtype by the total points over the seminiferous epithelium. The total volume of each germ cell subtype (Vt n ) was estimated as follows:
To calculate the nuclear spermatogonial volumes (Vn), it is necessary to first determine the nuclear diameter (D). The diameter of ten nuclei of each germ cell subtype was measured for each animal, using a ruler fitted in a 10! eyepiece, calibrated with a micrometer ruler. For each spermatogonial cell type, the nuclei that appeared to have the largest profiles were selected to be measured, because that indicates that the sections were close to the center of the nucleus. The volume was calculated as:
After the determination of the total volume of each germ cell subtype (Vt n ) and the spermatogonial nuclear volumes (Vn), it was possible to calculate the absolute cell number (CN), in millions (10 6 ), for each spermatogonial type per testis as follows:
Mitotic and apoptotic indexes of gonocytes and spermatogonia
To calculate the mitotic and apoptotic indexes, the following components of the seminiferous epithelium were counted: a) the number of gonocytes and spermatogonia, b) the number of mitoses, and c) the number of apoptotic gonocytes and spermatogonia. Approximately 30 tubular cross sections were counted per animal. The mitotic and apoptotic indexes were calculated by dividing the number of mitoses and/or apoptotic cells, respectively, by the sum of gonocytes, spermatogonia, mitoses, and apoptosis. Specific criteria were needed to distinguish the mitotic spermatogonia from mitotic Sertoli cells. In prophase, the two cell types were clearly distinguished, as they still have the nuclear characteristics of the cells in interphase (Fig. 8a and c) , whereas in other mitotic phases, the mitotic spermatogonia were distinguished from mitotic Sertoli cells by their cytoplasmic features. The mitotic figures of germ cells were identified by the outline of their cytoplasmic membrane, separating their cytoplasm from the Sertoli cells' cytoplasm, and by the density of their cytoplasm, which was brighter than the Sertoli cells (Fig. 8b) . The Sertoli cells in mitosis usually displayed no cytoplasmic membrane delimitation, or an elongated outline, with processes toward the center of the cords/tubules, and their cytoplasmic density was more homogenous with the cytoplasm around it (Fig. 8d) .
The identities of the cells that produced the apoptotic bodies were morphologically determined according to the border blebbing and fragmentation of the chromatin (Fig. 8e, f, and g ). When the cytoplasm is observed, the following features are considered: a) its shape (elongated in spermatogonia and round in spermatocytes), b) whether it is contacting basal lamina (spermatogonia are in contact with the basal lamina) and c) how it is contacting (flattened in spermatogonia or punctuated in spermatocytes). The nuclei have particular characteristics that enable their assignment to different cell types such as a) shape, b) size, c) position in the cytoplasm, d) granularity of chromosome fragmentation, finely granular in spermatogonia (Fig. 8f ) and coarsely granular in spermatocytes (Fig. 8g ), e) number of joined apoptosis (normally spermatogonia are alone), and f) the stage of the epithelium cycle where the spermatocytes are larger and usually far from the basal lamina.
Statistical analysis
